An Aspergillus saitoi protease preparation, Molsin, was found to contain -glucosidase as well as protease activities. Application of Molsin to soybean curd improved its functionality by converting the contained isoflavone glycosides to their aglycones throughglucosidase, and also modified the rheological property into a creamy consistency through protease. The enzymatically modified soybean curd was characterized by a ductility flow having no particular rupture point.
Non-nutritive functional food factors have recently become a focus of both academic and public interest. A good example of a functional factor is isoflavone, and a number of studies have been done aimed at converting its glucosides to aglycones, which might be more beneficial for health. [1] [2] [3] [4] Since isoflavone glucosides occur in soybeans, attempts have been made to treat soybean products with -glucosidase to produce aglycones. 5, 6) Soybean curd is a popular food product in Japan. It generally contains 17.1-24.3 mg of total isoflavone per 100 g on a wet-weight basis. 7) We have found that Molsin, though having proteolytic activity, which is the major characteristic of this enzyme, exhibits a certain degree of -glucosidase activity. The use of Molsin might thus be effective in attempts to modify both the functional and the rheological properties of soybean curd.
Molsin was obtained from a commercial source (Biochemical Division, Kikkoman Corporation, Tokyo). Its -glucosidase activity was 11:6 Â 10 4 U/g by the method described by Tsangalis et al., 8) using -nytrophenyl--D-glucopyranoside as a substrate, and the protease activity was 14.7 U/g by the method of Anson-Hagiwara, 9) using casein from milk (following Hammarsten) as a substrate. Soybean curd, silken tofu containing 87.5% water, obtained from a commercial source, was cut into a cube, 2 Â 2 Â 2 cm, soaked in a 2.5% Molsin solution, pH 6.0, containing 5% NaCl to prevent decomposition, and allowed to stand at 4 C for 96 h. A control experiment was carried out under the same conditions, but without Molsin. After enzymatic treatment, the soybean curd was lyophilized and milled prior to measurement of isoflavones, which had been extracted with 90% methanol containing 0.5% acetic acid. Measurement was done with an HPLC system for 12 isoflavone derivatives according to the method of Kudou et al., 10) with the results shown in Fig. 1 . Treatment with Molsin resulted in increases in daidzein and genistein. The concentration of daidzein in the Molsin-treated soybean curd was 0:123 AE 0:014 mmol/g (wet-matter basis), significantly higher (p < 0:001) than the concentration of daidzein (0:0194 AE 0:001 mmol/g) in the control. The increase in daidzein was apparently y To whom correspondence should be addressed. Junko FUNAKI, Fax: +81-92-661-2415; E-mail: s-funaki@fwu.ac.jp; Tomiko ASAKURA, Fax: +81-3-5841-1879; E-mail: asakura@mail.ecc.u-tokyo.ac.jp Abbreviation: PAGE, polyacrylamide gel electrophoresis Biosci. Biotechnol. Biochem., 72 (2), [587] [588] [589] [590] 2008 Note due to -glucosidase-catalyzed hydrolysis of daidzin and malonyldaidzin. The possibility exists that daidzin generated from malonyldaidzin by heat treatment was converted to daidzein. Acetyldaidzin 11) has been reported to be formed from malonyldaidzin by severe heating, 12) but this was not detected in the soybean curd (Fig. 1A) , which had not undergone any severe heat treatment, though it is usually detected in soymilk. We found that the concentration of genistein in soybean curd increased from 0:0233 AE 0:001 mmol/g to 0:0861 AE 0:008 mmol/g in response to Molsin treatment. No glycitein was detected in the control, and 0:0049 AE 0:001 mmol/g of glycitein (near the detection limit) was present in the Molsin-treated soybean curd (data not shown).
Next we investigated to determine whether proteolysis of Molsin increases the content of aglycones liberated from glucosides by -glucosidase. The main constituent of Molsin is Aspergillus saitoi aspartic protease aspergillopepsin I, 13) and hence we used its inhibitor, pepstatin A, but this inhibitor did not easily permeate into the soybean curd gel matrix, and so we used soymilk as an alternative material that allowed easier permeation. An aliquot of 0.5 mg of Molsin was added to 40 ml of soymilk obtained from a commercial source (Organic Soymilk, Tokyo Meiraku) in the presence and the absence of pepstatin A (10 À4 M), and the mixture was incubated at 37 C for 30 min before measurement of the concentration of aglycone liberated. We found that the use of pepstatin A had no significant effect on the concentration of aglycone (Fig. 1B) .
We performed SDS-PAGE to investigate changes in molecular weight as a result of the Molsin-induced proteolysis of soybean curd. As Fig. 2A shows, the 68 kDa and 52 kDa bands derived from -conglycinin and the 35 kDa and 20 kDa bands derived from glycinin were decomposed into bands of 16 kDa or less in response to Molsin treatment, whereas no such conversion was observed in the control experiment. We also investigated changes in molecular weight in the presence of pepstatin A. Under these conditions, we found that the SDS-PAGE patterns observed were essentially the same as those obtained without Molsin treatment (Fig. 2B) .
We also investigated to determine whether any rheological changes occurred in the soybean curd during proteolysis. The use of a creepmeter (RE2-33005S, Yamaden, Tokyo) gave the result that the Molsin-treated soybean curd clearly differed from the control in terms of waveform morphology (Fig. 3A and B) . Generally, a typical waveform for soybean curd is characterized by a linear stress increase in association with strain within the first 20%, which indicates that the curd has elasticity. In our experiment, rupture was clearly detected at the limiting point of elasticity deformation. The waveform obtained using the Molsin-treated soybean curd did not show any indisputable rupture point, though it exhibited ductile flow. These results suggest that the Molsintreated soybean curd was smoother in texture than the control, indicating a similar consistency of the sample to cream cheese (Fig. 3C) , which is generally characterized by ductile flow with no distinct rupture point.
To confirm the above results, we employed a sensory test with a well-trained panel of nine. A pair-comparison test 14) of the results showed that the Molsin-treated sample was significantly softer than the control (p < 0:01). It is known that isoflavones taste bitter and astringent, and also that their aglycones possess a high degree of bitterness and astringency due to increased hydrophobicity. 15) In our experiment, however, the concentration of aglycones increased ( Fig. 1 ) with no significantly unpalatable result (data not shown).
In this study, we succeeded in modifying the functional and rheological properties of soybean curd by the use of a protease preparation containing -glucosidase activity. The Molsin-treated soybean curd can be utilized as a vegetable cream cheese alternative having low fat and energy but high nutrition. These results might have practical application in the food industry.
